decreases, the error involved in substituting them for 8 ,, and DO in the calculation of a molecular weight will be even lower. Unfortunately, molecular weights calculated from the combined data of sedimentation and diffusion constants are dependent to a considerable extent on the value of the partial specific volume, V, an error of 1 % in V causing an error of about 3 % in the final result. The values of 4-6 for 420,,w and 6-1 for D°O., often quoted (e.g. Oncley et al. 1947) , give a result of 68 500, but the present work gives 61 500 if we assume the same partial specific volume, 0-733. SUMMARY 1. The albumin fractions of a number of normal human sera have been isolated electrophoretically.
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2. Sedimentation constants for these preparations in the concentration range 0-2-0-3 % are considerably lower than the hitherto accepted values. The reasons for this have been thoroughly explored. 3. Diffusion measurements in the Gouy diffusiometer show small, statistically significant variations from one preparation to another.
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The Proteins of Arachis hypogaea and Fibre Formation BY R. H. K. THOMSON imperial Chemical Industrie8 Ltd. Nobel Divi8ion, Fibre8 Research Department, Stevenston, Ayrshire (Received 10 May 1951) In the course of development of a textile fibre from the proteins of the groundnut (Arachi8 hypogaea) these proteins have recently been the subject of considerable study. Included in this has been the laboratory fractionation of the proteins and an examination of the fractions as fibre-forming agents.
The protein of the groundnut appears to have been first investigated with other vegetable protein systems by Ritthausen (1880) , who extracted the proteins from the oil-free groundnut meal with aqueous sodium chloride and weakly basic solutions, and precipitated them by acidification. Ritthausen considered the solids so obtained to be identical. The investigations ofJohns & Jones (1916) have indicated that the total protein of the nut consists of globulins and a very small amount of heatcoagulable albumin. They found it was possible, by means of ammonium sulphate fractionation of a sodium chloride extract of groundnut meal, to separate the globulins into two fractions-' arachin' and 'conarachin '-which have been found to differ in optical rotation and in the content of sulphur, basic nitrogen, lysine, methionine, cystine, threonine, tryptophan and tyrosine. Later Jones & Horn (1930) stated that arachin could be prepared from 10 % sodium chloride extract by dilution until the extract became cloudy, followed by saturation with carbon dioxide, or by the addition of 2 vol. of saturated ammonium sulphate to 3 vol. of the extract. Arachin could also be obtained by dilution alone. Conarachin, which was the more soluble fraction, could not be isolated by dilution, but could be precipitated by dialysis from the filtrate after precipitation of the arachin fraction, or by complete saturation with ammonium sulphate. Conarachin can be coagulated at a lower temperature than arachin. The fractional precipitation ofprotein mixtures is known to be an arbitrary procedure (cf. Cohn et al. 1940 ) and it is not easy to decide whether the arachin and conarachin are single proteins or mixtures in more or less constant proportions. In order to determine whether these protein fractions were homogeneous, Irving, Fontaine & Warner (1945) From the literature it appeared that the most practical method for preparing protein fractions in experimental quantities was fractionation by differential solubilities. Differential solubility in various concentrations ofsodium chloride, indicated by Jones and his co-workers and Johnson and his co-workers, seemed the simplest procedure. The possibility of fractionation using salts other than sodium chloride and even aqueous solvents other than salt solutions has not been overlooked, but the work reported here has been restricted to the use of sodium chloride. Methods of fractionation based on electrophoresis or ultracentrifugation appeared to offer no opportunities on the scale necessary.
EXPERIMENTAL
In the literature the principal method of extraction of the protein from groundnut meal is by extraction with salt solution. In the extraction of protein for fibre manufacture by the 'Ardil' process described by Traill (1945) dilute aqueous caustic soda (0-1 g. NaOH/l. of water) is employed, and the protein is precipitated from this solution by adjusting to the pH of lowest solubility, which is 5. Protein extracted and precipitated in this way may be washed and spray-dried. This spray-dried product is the starting point for the investigation described in the present paper.
The work on fractionation of spray-dried groundnut protein divided itself into three main sections:
(a) The investigation of the solubility of spray-dried protein from nuts from various sources in aqueous solutions of NaCl.
(b) The study of the fractions present by a chromatographic technique.
(c) Isolation of suitable fractions in sufficient quantity for tests of fibre-forming properties.
The investigation of the solubility of spray-dried groundnutproteinfrom nutsfrom various sources in aqueous solutions of sodium chloride
The separation of groundnut protein into two fractions, one of which was soluble in both 10 and 2 % (w/v) aqueous NaCl in slightly acid solution, and one which was soluble in 10%, but insoluble in 2% aqueous NaCl under the same conditions, may be a considerable simplification of complex solubility phenomena. It was decided to study in more detail the effects of varying salt concentration and pH value over a limited range. This range was from 0 to 10 % NaCl concentration and pH 1-7, and within this range the protein solubilities were determined. Spray-dried protein (4 g.) was shaken in 100 ml. aqueous salt solution of the stated concentration, the pH was adjustedwith NaOH or HCI (dilution due to this was kept negligibly small) until equilibrium was attained at the required value and the mixture was filtered. The residue was washed with large volumes of methylated spirit to remove the water and at least some of the salts and then the methylated spirit was washed out with acetone. The residue was oven-dried and weighed. By this method the protein which remains behind on the filter paper will be contaminated with NaCl. The errors caused by this salt were less than 2 % of the weight of residual protein. If a 10% (w/v) aqueous solution of NaCl is allowed to diffuse from a reservoir across a filter paper already wet by water, the diffusion front will not be sharp but will consist of a boundary area with salt concentrations varying from 0 to 10 %. The movement of this boundary area will be accelerated by permitting free evaporation of water from the filter Fig. 3 . Method of making protein chromatogram.
Protein solution is applied over hatched area.
paper. It has been found that if the first of the diffusing salt solution also had groundnut protein in solution, separation into two forms, arachin and conarachin, occurred at the diffusion front. This was most easily observed by dyeing the protein on the paper by the method of Jones & Michael (1950 (Fig. 4) . The front line, being in the more dilute part of the zone, was identified as conarachin and the rear line as arachin. The identity of these lines was tested in several ways. According to Jones & Horn (1930) conarachin is precipitated by heating. A solution of the protein in 10 % NaCl solution which gave two lines originally, gave only one 120 I952 after boiling and filtering off the precipitate (Fig. 5) . This one line was presumably the arachin line. If arachin is precipitated from the original 'two-line' solution by dilution and filtered off, the filtrate should consist of conarachin alone. When such a filtrate was fortified with salt to 10% again the resulting figure showed one line only, the conarachin line. This solution, mixed with the arachin filtrate from the previous experiment, gave a two-line diagram. Tworoutes areavailable forthe preparation ofarachin and conarachin from spray-dried groundnut protein at pH 5.
In a study of these routes whole protein was extracted first with 2% (w/v) aqueous NaCl to give a solution of conarachin. The residue was extracted with 10 % (w/v) aqueous NaCl to give a solution of arachin and a residue of the fraction insoluble in 10 % (w/v) NaCl. Alternatively, whole protein was extracted first with 10% (w/v) aqueous NaCl to give a solution of arachin and conarachin, and a residue insoluble in 10 % (w/v) NaCl. The solution was diluted with four times its volume of water to precipitate the arachin. Conarachin remained in solution. (1945) . After maturing for 20 hr. at 200 solutions of suitable viscosity were obtained. These solutions were extruded through viscose spinnerets into-a coagulating bath at 300 composed of 11 ml. H,S04 and 250 g. Na2SO4 dissolved in 1 1. of water. Table 1 shows the fractions used, the composition of the solution extruded and the results obtained.
The mixed fraction which is insoluble in 2 % (w/v) NaCl ( 
DISCUSSION
The protein of the groundnut, whether extracted by aqueous sodium chloride or by aqueous caustic soda is of some complexity. The position is not greatly clarified by considering the differences in the components shown by the solubility evidence, the ultracentrifugal evidence and the electrophoretic evidence. From the point of view of commercial fibre formation the presence of a considerable fraction showing no fibre-forming properties whatever is interesting. There is immediate need for a study of the interaction of three selected fractions (arachin, conarachin and insoluble fraction) on the properties of the finished fibre. The fraction which is insoluble in 10 % (w/v) aqueous sodium chloride at pH 5 requires further study. Some ofthis fraction is soluble in 10 % sodium chloride at pH 7 while more of it is not. It may well consist of a less soluble derivative of either arachin or conarachin, but no experimental evidence is presented in support of this view. SUMMARY 1. The solubility has been determined of groundnut protein in aqueous solutions of sodium chloride at concentrations up to 10 % (w/v) and over the pH range 1-7. Gordon & Haskins (1949) and Reid (1950) . Franklin & Quastel (1949) have reported their preliminary investigations on the enzyme urease. They studied the movement of this enzyme on paper, using a cysteine-glycine solution as the developing solvent and determined the activity of the enzyme on paper, manometrically. They showed that the movement of the enzyme on paper can be followed by this technique, without the enzyme losing its activity during the experiment. However, they did not attempt to separate enzymes by this technique. Mitchell et al. (1949) 
